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17. IN VIVO CULTURE OF TREPONEMES: II1. OTHER TREPONEMATOSES IN THE RABBIT

ENDEMIC SYPHILIS IN THE RABBIT

Rizk et al. (1951) transmitted the treponeme of
bejel from the lip of an infected boy through six
generations in rabbits. Lesions were produced at the
site of inoculation in the epididymis and testis, and
were accompanied by positive Kahn and Kolmer
reactions in the serum. Thirty out of 32 rabbits
developed nodules, T. pallidum being found by dark-
field in 25 cases. Of seven rabbits inoculated intra-
cutaneously, two developed papules with slight
scaling in which treponemes could not be seen. Of
two animals inoculated in the anterior chamber of
the eye no lesions were observed. None of the
rabbits exhibited generalized lesions. Neither were
generalized lesions noted by Turner & Hollander
(1957). The general course in rabbits infected with
T. pallidum from endemic syphilis was considered the
same as in those infected with treponemes from cases
of venereal syphilis (see Turner & Hollander, 1957).

YAWS IN THE RABBIT

Clinical signs
Pearce & Brown (1925) reported that in rabbits

inoculated intratesticularly, the characteristic reac-
tion to infection was a well-marked peri-orchitis of a
granular or finely nodular type with or without a
diffuse involvement of the tunica. While lesions of
testicular parenchyma also occurred, these were

relatively inconspicuous and consisted either of a
minor diffuse orchitis, which was usually followed by
atrophy and fibrosis of the organ, or of small
nodules: or there might be a combination of diffuse
and nodular lesions. The granular peri-orchitis could
be recognized clinically almost as soon as any change
could be detected in the testicle-that is, about three
weeks after the inoculation. In the following month
the covering of the testicle became studded with
numerous tiny indurated nodules. Subsequently
regression and healing took place in the majority of
animals, and no lesions were observed three months
after inoculation. In some animals the residual
lesions persisted for six months. Treponemes were
numerous in the tunica but less so in the testicle itself.

Dissemination of organisms to the uninoculated
testicle and to the inguinal lymph-nodes was demons-
trated by animal inoculation, although the clinical
signs of a metastatic orchitis and peri-orchitis were
slight, and lymphadenitis was an inconsistent feature.

Similarity to syphilis
Nichols (1910; see Pearce & Brown, 1925) worked

with a strain obtained from a Negro soldier who had
returned from the Philippines. In rabbits' testicles
Nichols noted a difference as compared with syphilis,
but considered this was of degree only: in syphilitic
animals the nodules seemed larger and had a necrotic
centre, and there was evidence of more active
inflammation.
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Reasoner (1916), who worked with Nichols, des-
cribed the characteristics of five strains of T. pallidum
and one of T. pertenue observed in 162 rabbits
through 50 generations. The most striking difference
noticed with T. pertenue was an absence of genera-
lized lesions in such situations as the eye and in the
more frequent extension to the opposite testicle. He
found extension to the opposite testicle in 100% of
rabbits with yaws, but in only 10% or less of syphi-
litic rabbits. (Nichols, 1910-see Pearce & Brown,
1925-had previously reported a case of migration
to the opposite testicle 80 days after inoculation.)
Alopecia, paronychia, choroiditis, and affections of
the nasal bones, eyelids or penile mucosa were
encountered in the syphilitic rabbits but not in the
yaws-infected rabbits. External lesions were ob-
served by Reasoner in all of the rabbits with yaws but
only in about half of the syphilitic rabbits. That
generalized lesions are much less common in yaws-
infected rabbits has been confirmed by other obser-
vers (Turner & Chesney, 1934; Turner & Hollander,
1957; Matsumoto, 1930). Reasoner & Nichols
(1920) together (see Pearce & Brown, 1925) remained
cautious and stated that the development of infection
with T. pertenue in the rabbit was very similar to that
of T. pallidum, and could be differentiated only after
considerable experience. At about the same time
Schamberg & Klauder (1921; see Pearce & Brown,
1925) found no differences between yaws and syphilis
in the testicular lesions produced in rabbits. As they
studied a strain obtained from an American soldier
whose infection was stated to have been contracted
while serving in-of all places-Europe, this perhaps
was not surprising.

Pearce & Brown (1925) also referred to a then
recent personal communication from Nichols, who
had worked since 1920 with a yaws strain obtained
in Panama from a Negro child with typical yaws.
Nichols had come to the conclusion that in the yaws/
syphilis group there were a series of strains which
eventually could be differentiated.

Pearce & Brown (1925) used two strains, one
obtained from Nichols which had been maintained
through seven generations over two-and-a-half years,
and another obtained from Fox which had been
derived from a Negro woman who had gone to
New York four months previously from Montserratt
in the Leeward Islands. The latter strain had been
carried through 21 generations during the previous
three years. The practically constant feature follow-
ing intratesticular inoculation was a granular peri-
orchitis, which was stated to be unlike any lesion of

the tunica observed in experimental syphilis. As was
the experience of Reasoner (1916), generalized
lesions in remote parts of the body, similar to those
occurring in syphilis of the rabbit, were not ob-
served. Pearce & Brown (1925) considered that
T. pertenue had essential biological characteristics
not common to T. pallidum.
Although the granular peri-orchitis is the charac-

teristic lesion of rabbit yaws (Pearce & Brown, 1925;
Turner & Chambers, 1932; Turner & Chesney, 1934;
McLeod & Turner, 1946a; Turner & Hollander,
1957), it is not always found in yaws (Jahnel &
Lange, 1928) and is sometimes found in syphilis
(Turner & Hollander, 1957).

Later investigators (e.g., Matsumoto, 1930, 1942,
1958; Turner & Chambers, 1932; Turner & Chesney,
1934; Ferris & Turner, 1938; McLeod & Turner,
1946a, b) who have compared infections in rabbits
with the two organisms-and those who have
undertaken cross-immunity studies using that animal
(e.g., Nichols, 1925; Turner & McLeod, 1942;
Turner et al., 1947; Ikegami, 1925; McLeod &
Magnuson, 1951)-have tended to confirm these
differences, although, like early workers, all have
stressed also the similarities. McLeod & Turner
(1946a) reported a greater tissue reaction in syphilis
than in yaws (or in cuniculi infections).
For example McLeod & Turner (1946b) kept

strains of T. pallidum, T. pertenue and also T. cuniculi
in rabbits for some years. In general, the course of
all three infections when the responsible treponemes
were inoculated into the rabbit was similar, but the
lesions observed in each disease exhibited certain
differences which, on the whole, were considered to
permit the easy differentiation of the experimental
disease, just as were the lesions observed in the usual
hosts of these organisms (Turner et al., 1947). When
the total groups were compared the differences were
pronounced. The tissue reaction of syphilis in
animals was more intense than of yaws or cuniculi.
The serological response (to tests for syphilis) was
similar in all three groups, but in syphilis the titre
tended to rise and fall more quickly than in the
others. It was believed that the differences noted in
the host-parasite reaction were due to substantial
biological differences between T. pallidum, T. perte-
nue and T. cuniculi. On the other hand, the general
course of the disease, the similarity of the rise and
fall of the serological titre, and the response to anti-
syphilitic treatment indicate that T. pertenue.
T. pallidum and T. cuniculi are biologically closely
related (Turner et al., 1947).
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Eagle (1948), in summarizing the differences be-
tween rabbit yaws and rabbit syphilis, stated that
intratesticular or intracutaneous inoculation of
rabbits with T. pertenue resulted in a primary lesion
which developed more slowly, was less extensive,
and involuted more slowly than in the case of
syphilis. There was a tendency to involve adjacent
tissues although histological changes were basically
similar (see also Ferris & Turner, 1937; Matsumoto,
1930).

PINTA IN THE RABBIT

T. carateum has proved obstinate in its transfer to
animals. In spite of many attempts, only one success

has been reported, and other workers have not been
able to reproduce their results.
Le6n y Blanco & Oteiza (1944; see Leon y Blanco

& Oteiza, 1945) in 1943 inoculated a human volun-
teer in the arm with treponemes taken from a

Jamaican Negro woman with pinta. After the
experimental lesion had appeared, material from it
was inoculated into the scrotum of four rabbits.
One developed a lesion, while four rabbits sub-
inoculated developed no infection, but a successful
dark-field-positive " take " (with a positive Wasser-
mann reaction in the serum) was obtained in the arm
of a further volunteer inoculated with material from
the rabbit lesion.

T. CUNICULI INFECTION IN RABBITS

For reviews of the literature see Wartin et al.
(1923), Adams et al. (1928), Turner (1938), McLeod
& Turner (1946a, b); see also Kolle et al. (1921);
Bessemans (1928), Bessemans & de Geest (1928),
Medical Research Council (1931).

T. cuniculi is responsible for a venereal disease of
rabbits first described by Ross (1912) as a spiro-
chaetosis. The infective organism was described by
Bayon (1913; see also Zinsser & Hopkins, 1916). It
is morphologically indistinguishable from T. palli-
dum and T. pertenue (Wilson & Miles, 1955; Eagle,
1948; Jeantet & Kermorgant, 1925; Kolle et al.
(1921; see also Bessemans & Van Thielen, 1937),
although Noguchi (1922; see Wilson & Miles,
1955) stated it was perhaps a trifle thicker and longer.
Like other treponemata, it stains rose-red with
Giemsa (Wilson & Miles, 1955).

T. cuniculi is also known as Spirochaeta cunicula
(see Levaditi & Li, 1930), and the disease as " rabbit
syphilis ", " venereal spirochaetosis of rabbits " or

pallidoidosis" (Jordan & Burrows, 1945). It

responds to antisyphilitic treatment (Kolle &
Ruppert, 1922). Penicillin, arsenicals and bismuth
are curative (McLeod & Turner, 1946a; Wilson &
Miles, 1955).
The presence of a naturally occurring disease

caused by an organism morphologically indistin-
guishable from T. pallidum in the rabbit used to
culture the latter organism might, therefore, cause
confusion, and this is avoided by a careful selection
and examination of the stock (Noguchi, 1921).
Some cross-immunity between both syphilis and

yaws and cuniculi infection exists (Turner & McLeod,
1942). A specific cross-reacting antibody can be
found in the serum (Khan, 1950; Khan et al., 1951;
Hardy & Nell, 1955). This may also interfere in the
interpretation of some of the results of experiments
in rabbit syphilis (Turner & Hollander, 1957).

Incidence
According to Wilson & Miles (1955) the incidence

of pallidoidosis varies widely in wild rabbits-some
say 20 %-40% are infected in the United Kingdom:
in hutch rabbits it is less common. Adams et al.
(1928) found it in 14 of 228 rabbits. McLeod &
Turner (1946a) stated it was reported from a number
of European countries, with 40% of animals affected.

Incubation period and duration of disease
The incubation period is two to eight weeks: once

established the disease persists for months. Spon-
taneous cure is said to be usual in males but the
disease is chronic in females (Wilson & Miles, 1955).

Clinical signs
The natural lesions are small, elevated, scaly

patches, which may be eroded or crusted but are not
indurated. They are situated on the genitalia (pre-
puce and vagina) or on the adjacent perineal region.

Sometimes the nostrils, eyelids, scrotum and penis
are affected (Noguchi, 1921; McLeod & Turner,
1946a, see Eagle, 1948). Treponemes can be found
in large numbers in scrapings from the lesions and in
sections (Wilson & Miles, 1955).

Experimental infection
Attempts to infect man with T. cuniculi have failed

(Levaditi et al., 1921), as have attempts to infect apes
(Schereschewsky, 1920) and monkeys (Noguchi,
1921; Bessemans & de Wilde, 1935; Levaditi et al.,
1921; see McLeod & Turner, 1946a).
The disease can, however, be reproduced in

rabbits by inoculation into the scarified skin of the
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genital region, into the testicle, and less coinstantly,
by mating (Wilson & Miles, 1955; see also Klaren-
beek, 1921). As with T. pallidum, a latent infection
is produced by T. cuniculi in small animals such as
the white mouse, white rat, guinea-pig, hedgehog and
golden hamster (Bessemans & de Moor, 1939; see
McLeod & Turner, 1946a).
The incubation period in the experimeftal infec-

tion of the rabbit is 14-28 days (see Eagle, 1948).
A characteristic is the developemnt of multiple tiny
granulomata of the parietal layer of the tunica
vaginalis without marked enlargement of the testis,
such as is not usually seen in experimental syphilis
and yaws infections. During the following one to six
months metastatic lesions may occur in the testis,
scrotum, anus, prepuce and glands, and secondary
lesions may appear at the mucocutaneous borders of
the eyes, nose and mouth and in the skin. The serum
tests for syphilis (e.g., Wassermann reaction) de-
velop in infected rabbits as in those infected with
yaws and syphilis (Eagle, 1948).
According to McLeod & Turner (1946a) lesions

of bone or cornea were not observed, although
Klarenbeek (1930) found that an experimental ocular
infection could be produced which closely resembled
that of T. pallidum (see also Bessemans & Van
Canneyt, 1939). The lymph-nodes can be shown to
harbour the treponemes. Infected animals develop
a positive serum test to syphilis and a degree of
immunity to reinoculation with the same species of
organism in a similar manner as in experimental
infections with syphilis (McLeod & Turner, 1946a).
However, there is no local or general immunity or
cross-immunity with syphilis. Infected rabbits can
be infected with T. pallidum (Noguchi, 1922).

Resemblance to syphilis
Although the inflammatory reaction of prepuce,

testis, scrotum and skin may resemble syphilis it is
less extensive and lacks the induration of the latter
disease (Eagle, 1948). Bessemans & de Wilde (1935)
found indurated testicular lesions and scrotal
chancres resembling those of syphilis, and Turner
(1938) found some superficial scaly scrotal lesions
which were often indistinguishable from those of
experimental yaws (see McLeod & Turner, 1946a).
In T. cuniculi infection multiple tiny granulomata of
the parietal layer of the tunica vaginalis without
marked enlargement of the testis are observed.
McLeod & Turner (1946b) noted that with con-

tinued passages (up to 24) the initial reaction in both
testis and skin tended to become more extensive and

exhibit a greater degree of induration: the occasional
lesion assumed the characteristics of a syphiloma.
These workers studied three groups of rabbits, 20 in
each group being infected with T. pallidum, T. per-
tenue or T. cuniculi. The T. cuniculi strain was ob-
tained originally from a market rabbit. Each group
of animals was maintained under laboratory condi-
tions for a number of years. A fourth group of 20
rabbits acted as controls.

In general, the clinical course of the disease in all
three groups was similar. While the lesions exhibited
certain similarities they were considered sufficiently
distinctive to permit the differentiation of each ex-
perimental disease. When the total groups were
compared the differences were pronounced. The
tissue reaction was more intense in the syphilitic
animals. The serological response was similar in the
three groups but in syphilis it tended to rise and fall
more quickly. McLeod & Turner believed that the
differences noted in the host/parasite reaction in-
dicated substantial biological differences between
T. pallidum, T. pertenue and T. cuniculi.

T. REFRINGENS IN THE RABBIT

T. refringens was cultured in the anterior chamber
of the rabbit's eye by Danila & Stroe (1913).
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18. IN VIVO CULTURE OF TREPONEMES: IV. IN OTHER ANIMALS

MOUSE SYPHILIS

Kolle & Schlossberger (1926, 1928; see also
Schlossberger, 1927, 1929) first showed that the
white mouse and rat will develop a symptomless
infection in which the treponemes remain latent
indefinitely; this may be demonstrated by inocula-
tion of an emulsion of appropriate material from an
asymptomatic mouse into the testicle or skin of a
rabbit, at which site a visible syphiloma will later
appear (see Gueft & Rosahn, 1948; Kolle &
Schlossberger, 1926; Rosahn et al., 1948; Levaditi &
Vaisman, 1950b; Rosahn & Rowe, 1950; Bessemans
& Baert, 1956). A number of workers have since
used the mouse as a storehouse of virulent T. palli-
dum. (For reviews of the literature, see Gueft &
Rosahn, 1948; Karrenberg, 1932-who reviewed the
literature in German-and the monograph of
Vaisman, 1936; see also Ovcinnikov, 1955). Pre-
viously Uhlenhuth & Mulzer (1913; see Gueft &
Rosahn, 1948) had concluded that the mouse was not
susceptible to T. pallidum, as they had inoculated
mice with rabbit chancre material and no lesions had
developed.

Involvement of organs

Mice may be inoculated subcutaneously or intra-
peritoneally, and the infection may be transferred to
other animals using lymph-node material (Stratton,
1946) or by using organs of which blood, skin,

spleen, brain, lymph-nodes, etc. are infective.
Vemes (1936), for example, transferred mouse liver
to the rabbit to test virulence.

Occasionally, however, a local chancre can be
produced in the mouse by inoculation of the scarified
skin of the ano-scrotal region (Bessemans & de
Potter, 1930, 1931; see Wilson & Miles, 1955). In
the white mouse and the guinea-pig the serum reac-
tions to the conventional serum tests for syphilis are
negative (Ovcinnikov, 1955), although tests based on
treponemal antigens do become positive.
Once infected, mice remain so for long periods;

Rosahn (1952) found mice still infectious 642-872
days after inoculation. Whether the presence of
syphilis in the mouse affects the life-span is not clear.
According to Gueft & Rosahn (1948) the statement
by Levaditi et al. (1937) that they had the impression
that syphilitic mice died at an earlier age, and were
more cachectic than non-syphilitic control animals,
was the only reference to this. Rosahn (1952),
however, found that the life-span of syphilitic mice
was significantly less than that of non-syphilitic
control animals.

Different species of mice may be affected (Wile &
Johnson, 1945a) particularly the white mouse (Kolle
& Schlossberger, 1926; Bessemans & de Moor,
1939; see Stratton, 1946). Mice of all ages from
birth to maturity may be affacted. Rosahn et al.
(1948) noted that after intraperitoneal or sub-
cutaneous injection of the mouse, the blood, skin,


